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571 - ABSTRACT

A process is provided for the preparation of ibuprofen
enriched in R isomer, which comprises subjecting an
ester of ibuprofen, to the action of a micro-organism or
substances derived thereof, that will stereoselectively
hydrolyse the ester to form ibuprofen predominantly
having R configuration. |
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PROCESS FOR THE PREPARATION OF
| IBUPROFEN

The present invention relates to a process for the
preparation of ibuprofen or a salt or ester thereof and
particularly to the production of compounds having
predominantly the R configuration. |

It is known that many biologically active compounds
exist as a mixture of stereoisomers. Up to now these
mixtures are frequently used as such in agricultural and
pharmaceutical applications. Usually the desired bio-
logical activity resides mainly in one stereoisomer so
that in case of a two stereoisomer mixture the potency
of the mixture 1s reduced to as low as half. However a
major reason for the continuous use of mixtures of ste-
reoisomers is that the cost of separation of the stereoiso-
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mers exceeds the potential advantage of a possible in- -

crease in activity. On the other hand it is apparent that
modern pharmacologists are becoming increasingly
aware of other implications of the administration of
mixtures wherein one or more stereoisomers have to be
regarded as impurities that may not have the desired
therapeutic effect, and may even have other unwanted
physiological effects including toxicity.

The stereoselective preparation of the R-enantiomer
of ibuprofen by microbial oxidation of l-1sobutyi-4-(1'-
methyloctyl) benzene, an aromatic hydrocarbon which
has an appropriate non-functional aliphatic side chain, 1s
described by T. Sugai and K. Mori (Agric. Biol. Chem,,
48 (1984) 2501).

R-ibuprofen, the therapeutic inactive isomer, 1s ex-
pected to give less gastrointestinal side effects than the
racemate. The antiinflammatory effects are retained by
the inversion to the therapeutic active S-isomer in the
liver (A. J. Hutt and J. Caldwell, J. Pharm. Pharmacol.,
35, (1983) 693).

- Therefore there is still a requirement for an industrial

scale process giving rise to economically attractive
yields for the preparation of R-ibuprofen. The object of
the invention is to provide such a process.

As a result of extensive research and experimentation
we have now developed an improved synthesis for the
preparation of ibuprofen, enriched in the R-enantiomer
which comprises subjecting an ester of ibuprofen,
wherein the ester is preferably an alkyl group optionally
substituted or branched, to the action of a ‘micro-organ-
ism or substances derived therefrom, having the ability
- for stereoselective hydrolysis of the ester of ibuprofen
for a period of time such that ibuprofen enriched in
‘R-isomer is formed. After separation of the residue ester
of ibuprofen and the resulting ibuprofen ennched in
R-isomer, from one another, the ibuprofen may be con-
verted into a salt or ester thereof without losing the
enrichment in R-isomer. |

By “enriched” in R-isomer, we mean containing pre-
dominantly R-isomer i.e. more than 50% by weight
R-1somer. |

Advantageously a linear alkyl ester of ibuprofen is
used, preferably the alkyl group contains 1-5 carbon
atoms, more preferably the alkyl group is methyl, ethyl
or propyl.

According to a preferred embodiment, the process is
carried out with a micro-organism or substance derived
thereof such that ibuprofen is formed preferably in at
least 80%, more preferably at least 90% by weight in
the R-configuration.
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It is another object of the invention to provide an
enzyme which may be advantageously used in the pro-
cess of the invention.

A further object of the invention is to provide a pro-
cess for the preparation of ibuprofen enriched in the
S-configuration, preferably having at least 80%, more
preferably 90%, in the S-configuration which comprises
a process for producing predominantly R-ibuprofen
according to the invention, after which the residual
ester of ibuprofen is separated from the ibuprofen, the
residual ester of ibuprofen now enriched in S-isomer is
hydrolysed, and if desired, may be converted into a
(pharmaceutically acceptable) salt or ester thereof with-
out losing the S-isomer configuration.

By the term “micro-organism having the ability for
stereoselective hydrolysis” we mean micro-organisms
such as bacteria, yeasts or fungi. Suitable bacteria are
for example those of the genus Bacillus, Staphylococcus
and Acetobacter.

Use may be made of mutants derived from these
microorganisms as well.

Use may also be made of micro-organisms, which
have obtained the ability for stereoselective hydrolysis
of the ester of ibuprofen into ibuprofen by the introduc-
tion of novel genetic material.

This can be accomplished by i1solation of the cloned
gene encoding a protein responsible for the stereoselec-
tive hydrolysis, an esterase enzyme, from any of the
screened micro-organisms followed by the transfer to
another micro-organism, particularly to Escherichia coli.
Other micro-organisms which may be transformed are
those of the genus Saccharomyces, Staphylococcus,
Kluyveromyces, Bacillus, Aspergillus, Escherichia,
Pseudomonas and Streptomyces. Cloned genes may be
selected for their ability to encode an enzyme capable of
hydrolyzing an ester of B8-naphthyl-acetate, naproxen
ester or preferably ibuprofen ester. Alternatively they

may be selected by cross-hybridization with an already
selected gene encoding an esterase, or with a synthetic

oligonucleotide designed from the NHj-terminal se-
quence of the esterase.

The micro-organisms may advantageously be immo-
bilized, for example on a polymer gel. This can be done
with living, resting and/or killed cells, but alternatively
with an esterase enzyme, which may be purified to a
certain extent if a higher specific activity i1s needed.

Therefore by the term “micro-organisms or sub-
stances derived thereof” we mean the micro-organisms,
killed, alive-or resting cells or extracts thereof, option-
ally concentrated or purified. It is found that cell hydro-
lysates or enzyme (preparations) derived or isolated
from the cells or killed cells can hydrolyze the R-1somer
of the ester of ibuprofen under suitable conditions and
such enzymes form a further aspect of the invention.
For example, intracellular or extraceilular enzymes can
be obtained from such microorganisms. The micro-

- organisms or substances derived thereof may be used

several times and may be active for at least two weeks.

The hydrolysis of ester into the R-isomer of 1bu-
profen takes place in suitable buffers as well as in physi-
ological salts. After storage the induced cells are found
to be directly capable of hydrolysing the ester into the
R-isomer of ibuprofen.

Cultures of species Bacillus which may be used in the
invention include cultures of Bacillus cereus, preferably
species Bacillus cereus (a sample of this species 1s depos-
ited with the ATCC under the accession number 9139),
Bacillus cereus Nap 1-1 (a sample of this species 1s depos-



5,108,917

3

ited with the CBS under the accession number 338.87).
Bacillus cereus Nap 2-1 (a sample of this species 1s depos-
ited with the CBS under the accession number 339.87)
and Bacillus species Nap 4M (a sample of this species is
deposited with the CBS under the accession number

342.87). Cultures of species Staphylococcus which may
be used in the invention include cultures of species

Staphylococcus aureus Nap 2-5 (a sample of thts spectes

is deposited with the CBS under the accession number
340.87) and Sraphylococcus aureus Nap 3-8 (a sample of
this species is deposited with the CBS under the acces-
sion number 341.87). Cultures of species Acetobacter
which may be used in the invention include cultures of
species Acetobacter xylinum L. Pansh (a sample of this
species is deposited with the CBS under the accession
number 343.87).

According to a preferred embodiment of the present
invention, a micro-organism having the ability to hy-
drolyse the ester of ibuprofen into itbuprofen having at
least 80% by weight R-configuration, may be cultured
for about 0.5 to 10 days. The cells may be then sus-
pended in a liquid nutrient medium and the ester of
ibuprofen is subjected to the action of the cells. Alterna-
‘tively the cells may be killed for example suspended in
a lysis medium, and the ester of ibuprofen is then sub-
jected to the action of the substances released from the
lysed cells. |

After the abovementioned cultivation for about 0.5 to
10 days, the cells may be isolated from the cultuning
medium before they are suspended in the liquid nutrient
medium or in a lysis medium.

To grow the micro-organisms used for the selective
hydrolysis of the ester of ibuprofen, ordinary culture
media containing an assimilable carbon source (for ex-
ample glucose, lactate, sucrose, etc.), a nitrogen source
(for example ammonium sulphate, ammonium nitrate,
ammonium chloride, etc.), with an agent providing an
organic nutrient source (for example yeast extract, malt
extract, peptone, meat extract, etc.}) and an inorganic
nutrient source (for example phosphate, magnesium,
potassium, zinc, iron and other metals 1n trace amounts)
may be used.

A Jap medium optionally enriched with one or more
ingredients may be used as a suitable culture medium. A
Jap medium of the following composition may be used:
soybean flour (30 g/1), sodium nitrate (7.5 g/1), ferrous
sulphate. TH>O (0.28 g/1), sodium citrate (6 g/1) and
fructose (12.5 g/1), the pH adjusted to 7.2. Before use
the medium should be sterilized e.g. for 20 minutes at
120° C. |

Another preferred culture medium is a TSB-medium
2 X, optionally enriched with one or more ingredients.
A medium consisting of 60 g/l trypticase soy broth
(Oxo0id (R)) may be used. Before use the medium should
be sterilized e.g. for 20 minutes at 120° C. Another
preferred medium is 2 XTY optionally enriched with
one or more ingredients. A medium consisting of Tryp-
tone (Difco ®) 30 g/1, Yeast extract (Difco ®) 20 g/1,
NaCl 3 g/]1, (NH4):HPO4 1 g/1 and (NH4)2S04 1 g/1 at
pH 6.8 can be used. Before use the medium should be
sterilized e.g. for 30 minutes at 110° C. A more pre-
ferred culture medium 1s a skimmed milk medium op-
tionally enriched with one or more ingredients. A
skimmed milk medium of the following composition
may be used: 10% skimmed milk from skimmed milk-
powder, which should be sterilized e.g. for 30 minutes
at 110° C. before use.
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Enrichments to the skimmed milk medium can be, for
example 0.5% lactate or PSIII salts or combinations
thereof. PSIII salt medium of the following composi-
tion may be used: potassium dihydrogen phosphate (2.1
g/1), ammonium monohydrogen phosphate (1.0 g/1),

ammonium sulphate (0.9 g/1), potassium chloride (0.2
g/1), sodium citrate (0.29 g/1), calcium sulphate.2H,O

(0.005 g/1), magnesium sulphate.7H>0O (0.2 g/1), ammo-
nium ferrous sulphate.6H>0 (2.5 mg/1), zinc sulphate.7-
H,0 (0.5 mg/1), manganese chloride.4H;0 (0.3 mg/1),
copper sulphate.SH,O (0.15 mg/1), cobalt chloride.6-
H,0 (0.15 mg/1), ortho-boric acid (0.05 mg/1), sodium
molybdate.2H;0 (0.055 mg/1) and potassium iodide (0.1
mg/1), the pH adjusted to 6.8. Before use the PSIII salt
medium should be sterilized e.g. for 20 minutes at 120°
C.

A temperature of 0° to 45° C. and a pH of 3.5 to 9 1s
preferably maintained during the growth of the micro-
organisms. More preferably the micro-organisms are
grown at a temperature of 20° to 37° C. and at a pH of

3t0 9.

The aerobic conditions required during the growth of
the micro-organisms can be provided according to any
of the well-established procedures, provided that the
supply of oxygen is sufficient to meet the metabolic
requirement of the micro-organisms. This i1s most con-
veniently achieved by supplying oxygen, suitably in the
form of air and optionally at the same time shaking or

stirring the reaction liquid. During the hydrolysis of the

ester of ibuprofen into ibuprofen the micro-organisms
can be in a growing stage using an above-mentioned
ordinary culture medium or can be preserved in any
system (medium or buffer) preventing degradation of
enzymes.

During the hydrolysis of the ester of ibuprofen into
ibuprofen, an ordinary culture medium may be used
containing an assimilable carbon source when required
(for example glucose, lactate, sucrose, etc.), a nitrogen
source when required (for example ammonium sul-
phate, ammonium nitrate, ammonium chloride, etc.),
with an agent providing an organic nutrient source
when required (for example yeast extract, malt extract,
peptone, meat extract, etc.) and an inorganic nutrient
source when required (for example phosphate, magne-
sium, potassium, zinc, iron and other metals in trace
amounts).

Preferably, during the hydrolysis of the ester of 1bu-
profen into ibuprofen, a Jap medium (as described
above) optionally enriched with one or more ingred:-
ents may be used. More preferably a skimmed milk
medium (as described above) optionally enriched with
one or more ingredients may be used.

The micro-organisms can be kept in the non-growing
stage for example by exclusion of the assimilable carbon
source or by exclusion of the nitrogen source. A tem-
perature of 0° to 45° C. and a pH of 3.5 to 9 is preferably
maintained during this hydrolysis stage.

During the hydrolysis stage the micro-organisms are
preferably kept at a temperature of 20° to 37° C. and a
pH of 5 to 8. The aerobic conditions required during
this stage can be provided according to any of the well-
established procedures, provided that the supply of
oxygen is sufficient to meet the metabolic requirement
of the micro-organisms. This is most conveniently
achieved by supplying oxygen, suitably in the form of
air and optionally, at the same time, shaking or stirring
the reaction liquid. During the conversion of the ester
of ibuprofen into ibuprofen by resting cells, cell hydro-
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. Jysates or enzyme preparations derived from the cells an
ordinary buffered aqueous solution may be used. A
temperature of 0° to 45° C. and a pH of 3.5 to 7.0 1s
maintained during the enzymatic conversion. Prefera-

bly the agueous solution is kept at a temperature of 5

20°~40° C. and a pH of 7.0 to 9.5. More preferably the
pH is maintained at 7.0 to 9.5 by the addition of a base
such as NaOH or NH4OH. The ibuprofen produced by
the micro-organisms or substances derived thereof, as
mentioned above, can be recovered and purified ac-
cording to any of the procedures known per se for such
products. |

The micro-organisms can be kept on agar slants, fro-
zen in 50% glycerol or lyophilised. If required, precul-
tures of these micro-organisms can be made according
to any of the well-established procedures, for example
the micro-organisms can be incubated in bouillon or 1n
BHI for 24 hours at 30° C. in a rotary shaker. A bouillon
medium of the following composition can be used: Lab
Lemco L 29 (meat extract, Oxoid ®)) (9 g/1), Bactopep-
ton (10 g/1) and sodium chloride (5 g/1), the pH ad-
justed to 7.6. Before use this medium should be steril-
ized e.g. for 20 minutes at 120° C.

A BHI (brain-heart infusion) medium containing
0.037 g/1 BHI (Oxoid ®)), the pH adjusted to 7.0, can
be used. Before use this medium should be sterilized e.g.
for 20 minutes at 120° C.

A YEPD medium can be used of the following com-
position: 20 g/]1 bactopeptone, 10 g/l yeast extract, 20
g/1 glucose. Before use this medium should be sterilized
e.g. for 30 minutes at 110° C.

A further aspect of the present invention provides
pharmaceutical compositions comprising ibuprofen ob-
tained according to the present invention together with
a pharmaceutically acceptable carrier.

The present invention will be further described with
reference to the following Examples, without restrict-

ing the scope of the present invention to these Exam-
ples.

EXAMPLE 1

The micro-organisms mentioned mn Table 1 below
were grown in 25 ml of BHI-medium and kept in 100 m]
flasks on a rotary shaker at 30° C. for 24 hours. After
full growth, the cultures were diluted ten times in 25 ml
of 10% skimmed milk medium and 20 pul R/S methyl
ester of ibuprofen (methyl-2-(4-isobutyl-1-phenyl)pro-
pionate) were added. The cultures were then rein-
cubated for 24 hours.

After this incubation period, the cultures were acidi-
fied with H3PO4to pH 2.0 and extracted with dichloro-
methane. The ibuprofen present in the extracts was then
converted into a naphthalene-methylamide derivative
in order to determine its enantiomeric purity.

To 3 ml extract 200 ul of a solution of 2-bromo-1-
methylpyridine iodide dissolved in dimethylformamide
(50 mg/ml) and 200 ul of a solution of 1-naphthalene-
methylamine dissolved in CH>Cl; (100 mg/ml) were
added and allowed to react for 5§ minutes at 22° C. The
reaction mixture was dried under N> at 60° C. The
remaining residue was dissolved in 3 ml of isooc-
tane/CH>Cl> (2:1 v/v) and extracted after the addition
of 2 ml of IN H>SO.4.

The organic layer was analysed on HPLC using a
chiral DNBPG (dinitrobenzoyl phenylglycine) column
eluted with isooctane/isopropyl-aicohol/methanol
(97/2/1 v/V).

The results are presented in Table 1.
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6
TABLE |

Enantiospecific_hydrolysis of ibuprofen methyl ester.
Ibuprofen formed

Micro-organism mg/culture** Te S % R
Acetobacter xylinum L. 4.0-5.0 16* 84*
Parish (CBS 343.87)

Bacillus cereus 2.0-2.5 19 = 2 81 = 2
(ATCC 9139)

Bacillus cereus 0.8-3.5 10 =2 0 + 2
Nap 1-1 (CBS 338.87) |

Staphylococcus aureus 3.0-3.5 73 933
Nap 2-5 (CBS 340.87)

Staphylococcus aureus 3.2-4.5 53 955
Nap 3-8 (CBS 341.87)

Bacillus spec. 1.8-2.0 27 & 2 73 &2

Nap 4M (CBS 342.87)

The standard deviations have been derived from 3-6 values.

*Value obtained from a duplicate experiment.

**Since, in certain cases, the variability in guantities ester hydrolysed was retatively
large, no mean values are given. The values presented here are the minimal and
maxima! value found in different experiments.

EXAMPLE 2

The organisms mentioned in Table 2 were grown as
described in Example 1. Instead of the methyl ester of
ibuprofen, as described in Example 1, 20 ul of the R/S
ethyl ester were added.

After the incubation period of 24 hours, the cultures
were acidified, extracted and the ibuprofen formed
derivatised as described in Example 1.

The results are presented in Table 2 below.

TABLE 2

Enantiospecific hydrolysis of ibuprofen ethyl ester. .
| Ibuprofen formed

Micro-organism mg/culture*** D S % R
Acetobacter xylinum L. 2.040 8§ *+ 2 02 =2
Parish (CBS 343.87)

Bacillus cereus 3.5-3.9 5+ 1 95 = |
(ATCC 9139)

Bacillus cereus 0.8-5.0 6 =1 94 = 1
Nap 1-1 (CBS 338.87)

Bacillus cereus 0.3-5.3 743 93 =3
Nap 2-1 (CBS 339.87)

Staphylococcus aureus 0.13-0.25 0* 100*
Nap 2-5 (CBS 340.87)

Staphylococcus aureus 0.13-0.25 0* 100*
Nap 3-8 (CBS 341.87) - :
Bacillus spec. 4.4-4.6 O%s 10 R

Nap 4M (CBS 342.87)

The standard deviations have been derived from 3-6 values.

*This value represents the mean of a duplicate result.

**Value obtained from a singie expeniment,

**oSince, in certain cases, the variability in quantities ester hydrolysed was rela-
tively large, no mean valves are given. The values presented here are the minimal
and maximal value found in different experiments.

EXAMPLE 3

Molecular cloning of the gene responsible for the
enantiospecific hydrolysis of R-ibuprofenmethyl ester

A plasmid, pIBUIl, containing a chromosomal DNA
fragment of Staphylococcus aureus Nap 2-5 (CBS
340.87) can be constucted as described below. For em-
ployment of general cloning techniques, the handbook
of T. Manatis et al., 1982, Molecular Cloning, Cold
Spring, Harbour Laboratory, can be used as a reference.
DNA modifying enzymes can be obtained from com-
mercial suppliers and used according to the manufactur-
ers’ instructions. Partially Sau3A digested Staphylococ-
cus aureus Nap 2-5 total DNA (e.g. size fraction from 1
to 5 kb) can be ligated into an appropriate cloning vec-
tor, for instance pUN 121 digested with Bc11 (Nilsson et
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al., 1983, Nucleic Acids Res. 11, p. 8019). The DNA
mixture can be transformed into Escherichia coli DHI
(ATCC 33849) in order to generate a gene library of
Staphylococcus aureus Nap 2-5. Transformants with an
ampicillin and tetracycline resistent phenotype can be 5
stored and replica-plated according to J. P. Gergen et

al. (Nucleic Acids Res. 7, p. 2115, 1979). Replicated
colonies can be screened with a soft agar overlay of
essentially the following composition: 0.5% lowmelting
agarose, 0.5M potassium phosphate (pH 7.5), 0.5 mg/1 10
B-naphthyl acetate (obtained from Sigma) and 0.5
mg/ml fast-blue (obtained from Sigma). Within a few
minutes colonies with esterase or lipase activity will
colour purple. Selected colonies can be grown over-
night in 2X YT medium (16 g/l bactotryptone, 10 g/1 15
yeast extract, 5 g/1 NaCl) and subsequently assayed for
their ability to convert R-ibuprofen methyl ester ac-
cording to the method of Example 1 (with BHI-medium
substituted by 2 X YT medium). With the aid of this test
colonies harbouring recombinant plasmids carrying the 20
gene encoding the esterase specific for R-ibuprofen can

be isolated.

Alternatively, if no positive clones are detected, the
gene library can be screened by hybridisation with oli-
gonucleotides designed from the NH-terminal amino- 25
acid sequence of the esterase or by immunological
screening with antibodies directed against the esterase.
The R-ibuprofen esterase encoding plasmid is called
pIBU-1. Subsequently the esterase gene can be recloned
into an appropriate host in order to enhance the expres- 30
sion level of the esterase. This can be achieved by diges-
tion of pIBU-1 partially with Sau3A followed by liga-
tion of an esterase containing Sau3A fragment into the
BAM M1 site of pUB110. Recombinant plasmids can be
transformed into Bacillus subtilis 1A-40 (Bacillus Stock 35
Center B.G.S.C. 1A40) (S. Chang and S. N. Cohen,
Mol. Gen. Genet. 168, p. 111, 1979) or Bacillus subtilis
1S-53 (Bacillus Stock Center B.G.S.C. 1§8-53) (Rec.
DNA Bull. 4, p. 1, 1981). Neomycin resistant transfor-
marnt can be tested for their ability to hydrolyze R-1bu- 40
profen methyl ester according to the method of Exam-
ple 1. Since it is known that genes originating from the
gram-positive bacteria Staphylococcus aureus are well
expressed in the gram-positive Bacillus subtilis (Gene 48,

p. 93, 1986) it can be expected that the multicopy char- 45
acter of the plasmid which encodes the esterase will
lead to a high production of the esterase in Bacillus
subtilis 1A-40 and Bacillus subtilis 1S-53. Ultimately the
productivity can be improved by fusion of the esterase
gene to a strong Bacillus promoter. 50

We claim:

1. A process for the production of ibuprofen contain-
ing more than 50% by weight R isomer which consists
of subjecting an ester of ibuprofen to the action of a
micro-organism or enzyme preparation derived there- 55
from that will stereoselectively hydrolyse the ester to
form ibuprofen having more than 50% by weight R
configuration.

65
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2. A process according to claim 1 wherein the 1bu-
profen having more than 50% by weight R configura-
tion is separated from residual ester having more than
50% by weight S configuration.

3. A process according to claim 2 wherein the sepa-

rated ibuprofen of more than 50% by weight R configu-
ration is converted into a salt or ester of ibuprofen hav-
ing more than 50% by weight R configuration.

4. A process according to claim 2 wherein the resid-
val ester having more than 50% by weight S configura-
tion is hydrolysed to form ibuprofen.

5. A process according to claim 1 wherein the ester of
ibuprofen is an alkyl ester.

6. Process according to claim §, wherein the alkyl
group is optionally substituted or branched.

7. Process according to claim §, wherein the ester 1s a
methyl or an ethyl ester.

8. Process according to claim 1 wherein at least 80%
by weight of ibuprofen is formed in the R-configura-
tion.

9. Process according to claim 1 wherein the micro-
organism is used in immobilized form either as a living
cell, as a killed cell or as a resting cell. |

10. A process according to claim 1 wherein a sub-
stance is released from the microorganism and is used to
stereoselectively convert the ibuprofen ester into the
ibuprofen having more than 50% by weight R configu-
ration.

11. A process according to claim 1, wherein sad
micro-organism is a member selected from the group
consisting of bacteria, yeasts and fungi.

12. Process according to claim 1 wherein said micro-
organism is a micro-organism transformed with a DNA
fragment encoding esterase having the ability for ste-
reoselective hydrolysis of R/S ibuprofen ester.

13. A process according to claim 4 further comprising
the step of converting the ibuprofen obtained by hydro-
lysing the residual ester into a salt or ester thereof.

14. A process according to claim 11, wherein said
micro-organism is a bacterium belonging to a genus
selected from the group consisting of Bacillus, Staphy-
lococcus and Acetobacter.

15. A process according to claim 14, wherein said
micro-organism is selected from the group consisting of

Bacillus cereus and Staphylococcus aureus.

16. A process according to claim 14, wherein said -
micro-organism is selected from the group consisting of
Bacillus cereus (ATCC 9139), Bacillus cereus Nap 1-1
(CBS 338.87), Bacillus cereus Nap 2-1 (CBS 339.87),
Bacillus species 4M (CBS 342.87), Staphylococcus aureus
Nap 2-5 (CBS 340.87), Staphylococcus aureus Nap 3-8
(CBS 341.87) and Acetobacter xylinum L. Parish (CBS
343.87).

17. A process according to claim 12, wherein the
DNA fragment is derived from a member selected from
the group consisting of Bacillus, Staphylococcus and

Acetobacter species.
¥ %x % =x %k
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